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In this presentation we discuss ndinearly quantized moment shadow maps. The
notes you are reading are a best effort to make the slides stand for themselves.
Please note that some of the slides use animations that will only be visible when the
presentation is viewed as slide show in PowerPoint.



In a nutshell

AFastantialiasedhard shadows,

AMinimal light leaking,

£32 or 64 bits per shadow mapxel,

ACost matches variance shadow mapping.

Our novel technique offerantialiasechard shadows. That is valuable because

shadow map aliasing is a widely seen artifact in modern games. Of course the
technique also has to be fast to find use. CLICK And it has to be robust which means
having little light leaking artifacts in this case. CLICK There are variants using either 32
or 64 bits per shadow maexel. In both cases, the run time cost is comparable to

that of variance shadow mapping.



Moment shadow mapping

A recap
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The technique extends moment shadow mapping so | will start with a recap of that.



Shadow mapping [Williams78]
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In reattime rendering our shadows are usually based on shadow maps. We render a
view of the scene from the point of view of the light source and store depth values.
Looking at a singtexelin the shadow map tells us that for the corresponding light

ray we have no shadow up to some depth z_0 and full shadow beyond this point. This
is a simple technique but it takes samples in light and screen space without any
filtering so it suffers from unacceptable aliasing.



Percentagecloser filtering [Reeves87]
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The most widely used technique to diminish shadow map aliasing is percentage
closer filtering. Here we do not only consider a single shadow map sample but a
larger filter region. The results for every single sample are combined using weights
from a filter kernel such as a Gaussian. This leads to a filtered shadow that looks
more plausible.



Percentage-closer filtering
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Percentagecloser filtering is a useful technique but it is either too costly or does not
diminish aliasing sufficiently. In this video example, we use 100 samples per pixel and
still observe strong aliasing.



Moment shadow maps [Peters15]
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To overcome these problems, a moment shadow map stores some additional
information. It has four channels storing four powers of the light space depth value.
Unlike a common shadow map, it is useful to apply a filter such as a separable blur
directly to the moment shadow map. Doing so leads to linear combinations of the
vectors stored in théexels The resulting vectors are called moment vectors. Their

entries are four moments of the depth distribution.
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This additional information enables a heuristic reconstruction. Here is an example
how that works. We have a ground truth depth distribution but we do not actually
know it. The moment shadow map only provides the four moments at the top. Of
course the ground truth is not uniquely characterized by these moments. CLICK Here
is an example of a different depth distribution that yields the same moments. CLICK
And here is another one. CLICK This one also has the same moments. CLICK And here
are a few more examples. It is apparent that there is an infiditeensional space of
possible reconstructions. CLICK What is important is that all of them lie between
specific lower and upper bounds. Moment shadow mapping offers highly optimized
algorithms to compute these bounds. CLICK For shadows we want to use the lower
bound because this way we avoid that surface patches shadow themselves.



Bounds are often very narrow
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Looking at the previous example, you may think that this reconstruction is not very
accurate because the bounds are quite far apart. However, the results are much
better in a far more relevant case. In this example, the ground truth essentially only
uses two different depth values. CLICK For such a ground truth the bounds are
extremely tight.



Bounds are often very narrow
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This case is very important because it corresponds to a situation that occurs
commonly in shadow map filtering. The filter region only contains the silhouette of an
object. Thus, there are only two surfaces above and below this silhouette and the
depth varies only minimally within these surfaces. For such a case, moment shadow
mapping offers a nearly perfect reconstruction.



Moment shadow mapping with 8x MSAA
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Now here you can see moment shadow mapping in action. To the left there is the
filtered moment shadow map with its four channels. The checkerboard serves to
visualize the alpha channel. To the right you can see the shaded scene. As you can
see, there is much less aliasing than with percentelgser filtering. This is owed to

the fact that we use 8rultisampleantialiasing to generate the moment shadow
map. This works naturally with moment shadow maps but would be very expensive
with percentagecloser filtering. We also use a 9x9 separable Gaussian blur here.
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Here is another result of moment shadow mapping. The quality is very high. Even
short range shadows in places where shadow casters meet are reproduced
accurately. However, we have used 128 bitstp&el of the moment shadow map
storing each moment in a singpgecision float. This is quite expensive.
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There is another alternative. When an appropriate linear transform is applied before
storage, it is viable to use only 64 bits pexel of the moment shadow map.

However, the quantization introduces rounding errors. To avoid that these errors
break the reconstruction, a bias has to be applied. Unfortunately, this bias introduces
some light leaking in shorange shadows. The technique is still useful and has been
used in production as is but there is room for improvement.
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